Silage fermentation and additives by Kung, Limin
   Archivos Latinoamericanos de Producción Animal. Volumen 26(3-4):2018 
61 
XXVI Reunión de la Asociación Latinoamericana de Producción Animal 
V Simposio Internacional de Producción Animal 
Guayaquil (Ecuador) 28 – 31 mayo, 2018 
Invited paper: 
Silage fermentation and additives 
Limin Kung1, Jr. 
Department of Animal and Food Sciences, University of Delaware, USA 
Abstract. The main objective of making silage is to maximize the conservation of original nutrients in the 
forage crop for food at a later date.  The final quality of the silage can only be as good as the quality of the 
initial crop placed in the silo.  The process of making a good silage includes 1) quickly removing air from the 
forage mass in the silo, 2) rapid production of lactic acid for rapid pH reduction, and 3) continuous exclusion of 
silage air during storage. The rapid removal of air prevents the growth of unwanted aerobic bacteria that can 
compete with the beneficial lactic acid bacteria (LAB).  During active fermentation, LAB uses water-soluble 
carbohydrates to produce lactic acid, which is mainly responsible for increasing the acidity and decreasing the 
pH in the silage.  In addition, it inhibits the growth of undesirable anaerobic microorganisms, such as 
enterobacteria and clostridia, which tend to be intolerant at a low pH.  When the fermentation of the silage is 
completed and if it is kept away from the air, the silage remains fairly stable for long periods of time (years). 
Aerobic stability is a term used to define the period of time during which the silage remains stable and does 
not spoil after being exposed to air.  Because air feeds yeast growth, minimizing their numbers and minimizing 
air exposure in silage is an important goal.  Various organic acids have been used, including potassium sorbate, 
sodium benzoate and propionic, which inhibit yeasts to improve the aerobic stability of silages.  The 
application of microbial inoculants and chemical additives to the forage is highly recommended to maximize 
the time that microorganisms have in contact with fermentable substrates.  Bad fermentations and aerobic 
stability will cause the loss of nutrients, low animal productivity and farm profits. Recommended management 
practices should be followed for the harvesting, the filling of silos, the use of appropriate additives and silos 
coverings. 
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Fermentación de ensilaje y aditivos 
Resumen. El objetivo principal de hacer ensilaje es maximizar la conservación de nutrientes originales en el 
cultivo de forraje para la alimentación en una fecha posterior.  La calidad final del ensilaje solo puede ser tan 
buena como la calidad del cultivo inicial colocado en el silo.   El proceso de hacer un buen ensilado incluye 
1) eliminar rápidamente el aire de la masa de forraje en el silo, 2) producción rápida de ácido láctico para una
reducción rápida del pH, y 3) la exclusión continua del aire del ensilado durante el almacenamiento.  La rápida
eliminación del aire evita el crecimiento de bacterias aeróbicas no deseadas que pueden competir con las
bacterias beneficiosas del ácido láctico (LAB).  Durante la fermentación activa, LAB utiliza carbohidratos
solubles en agua para producir ácido láctico, que es el principal responsable de aumentar la acidez y disminuir
el pH en el ensilaje.  Además, inhibe el crecimiento de microorganismos anaeróbicos indeseables, como
enterobacterias y clostridios, que tienden a ser intolerantes a un pH bajo.  Cuando se completa la fermentación
del ensilaje y si se mantiene alejado del aire, el ensilaje permanece bastante estable durante largos períodos de
tiempo (años).  Estabilidad aeróbica es un término que se usa para definir el período de tiempo durante el cual
el ensilaje permanece estable y no se estropea después de ser expuesto al aire.  Debido a que el aire alimenta el
crecimiento de la levadura, minimizar el número y minimizar la exposición al aire en el ensilado es un objetivo
importante en la fabricación de ensilaje.  Se han utilizado diversos ácidos orgánicos, incluido el sorbato de
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potasio, el benzoato de sodio y el propiónico que inhiben las levaduras para mejorar la estabilidad aeróbica de 
los ensilajes. La aplicación de inoculantes microbianos y aditivos químicos al forraje es muy recomendable para 
maximizar el tiempo que los microorganismos tienen en contacto con sustratos fermentables.  Las malas 
fermentaciones y la estabilidad aeróbica provocarán la pérdida de nutrientes, baja productividad animal y las 
ganancias de la granja.  Deben seguirse las prácticas de manejo recomendadas para la recolección, el llenado de 
silos, el uso de aditivos apropiados y los recubrimientos de silos. 
Palabras clave: conservación de forrajes; calidad del silo; estabilidad aeróbica; inoculantes ácidos orgánicos 
Introduction 
The primary goal of making silage is to 
maximize the preservation of original nutrients in 
the forage crop for feeding at a later date. 
Undesirable silage fermentations and poor aerobic 
stability result in a loss of energy, dry matter (DM), 
and overall nutritive value ultimately compromising 
animal performance and net farm profits.  This 
review will briefly review the processes of silage 
fermentation and aerobic stability.  A more in depth 
discussion on factors related to harvesting and 
storing of silages was recently reported by Kung and 
Muck (2017). 
Silage Fermentation and Additives 
Silage Fermentation 
Final silage quality can only be as good as the 
quality of the starting crop placed into the silo. 
Thus, it is necessary to harvest high quality forage 
that is readily digestible and that contains adequate 
amounts of fermentable carbohydrates.  The process 
of making good silage includes 1) rapidly removing 
air from the forage mass in the silo, 2) a rapid 
production of lactic acid that results in a quick drop 
in pH, and 3) continued exclusion of air from the 
silage mass during storage and feed out.   
After chopping, plant respiration continues for 
several hours (and perhaps days if silage is poorly 
packed) and plant enzymes (e.g., proteases) are 
active until air is used up and the pH declines. Rapid 
removal of air prevents the growth of unwanted 
aerobic bacteria that can compete with beneficial 
lactic acid bacteria (LAB) for fermentable substrates. 
If air is not removed quickly, high temperatures and 
prolonged heating lead to a loss of energy and DM.  
Air can be eliminated by wilting plant material to 
recommended DM for the specific crop and storage 
structure, chopping forage to a correct length, quick 
packing, obtaining good bulk densities, even 
distribution of forage in the storage structure and 
immediately sealing with adequate tarps and 
weights.  Bulk densities should target a minimum of 
705 kg of wet forage per m3 (Holmes, 2009).   
During active fermentation, LAB utilize water-
soluble carbohydrates to produce lactic acid, which 
is primarily responsible for increasing the acidity 
and decreasing the pH in silage. A quick reduction 
in silage pH helps to limit the breakdown of protein 
in the silo by inactivating plant proteases.  In addition, 
it inhibits the growth of undesirable anaerobic 
microorganisms such as enterobacteria and clostridia 
that tend to be intolerant of low pH. Eventually, 
continued production of lactic acid and a decrease in 
pH inhibits the growth of most microorganisms in the 
silo.  Depending on the crop, fresh plant material in 
the field can range from a pH of about 5 to 6 and 
decrease to a pH of 3.7 to 4.5 (depending on the crop 
and DM) when fermentation is complete.   
Although the ensiling process appears quite 
simple, many factors can affect what type of fermen-
tation takes place in a silo and thus, the mixture of 
end products (Figure 1).  For example, because of the 
high buffering content of most legumes, more acid 
production is needed to lower the pH in alfalfa than 
in corn silage, resulting in the former being more 
difficult to ensile. The DM content of the forage can 
also have major effects on the ensiling process via a 
number of different mechanisms.  First, drier silages 
do not pack well and thus it is more difficult to 
exclude air from the forage mass.  Second, as the DM 
content increases above 35%, growth of LAB is 
reduced, acidification occurs at a slower rate, and the 
amount of total acid produced is less.  Thirdly, 
undesirable bacteria such as clostridia tend to 
thrive in very wet silages (< 30% DM) and can 
result in excessive protein degradation, DM loss, 
and production of biogenic amines.  When weather 
permits, wilting forage above 30-35% DM prior to 
ensiling can reduce the incidence of clostridia 
because these organisms are not very osmo-tolerant 
(they do not like dry conditions).  Delayed filling 
which, results in excessive amounts of air trapped 
in the forage mass can have detrimental effects on 
the ensiling process.  Another factor that can affect 
the  ensiling  process is  the amount  of water-soluble  
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Figure 1.  The three major events that make good silage and factors that can affect the silage fermentation 
process. 
carbohydrates present for good fermentation to take 
place.  Hirsch and Kung (unpublished data, 
University of Delaware) showed that WSC 
dramatically decreased and DM losses increased 
when corn forage was not immediately packed into 
silos after chopping (Figure 2).  Losses increased with 
increased time of delayed filling.  The types and 
numbers of bacteria on the plant also have profound 
effects on silage fermentation.  Natural populations of 
LAB on plant material are often low in number and 
hetero fermentative (produce multiple end products) 
Theoretical recoveries of DM and energy from the 
fermentation of sugars is shown in Table 1.  It is clear 
that lactic acid fermentations are more desirable than 
other types of fermentation because the recovery of 
DM and energy is highest.  Besides undesirable 
clostridial fermentations, some crops like sugarcane 
are prone to high ethanolic fermentations dominated 
by yeasts (Kung and Stanley, 1984).  The final result is 
silage with a high loss of DM and one that has poor 
aerobic stability.  Additionally, extremely wet silages 
tend to have high levels of acetic acid because 
Enterobacteria are often dominate the fermentation. 
This often results in large losses of DM and poor 
intakes.  
Aerobic Stability of Silages 
When silage fermentation is complete and if it is keep 
away from air, silage remains fairly stable for long 
periods of time (years).  However, if silage is exposed 
to air during storage (e.g., leaky silos, holes in bag 
silos, poorly packed silage) or at feed out, lactate 
utilizing yeasts may initiate aerobic spoilage.  The 
succession of events includes:  a) silage is exposed to 
air->  b) yeasts degrade lactic acid->  c) heat is 
produced  via  respiration->  d) the pH increases-> 
e) molds and aerobic organisms further the
deterioration.  Aerobic stability is a term used to
define the length of time that silage remains stable
and does not spoil after it is exposed to air.  Silages
that are aerobically stable are desirable because air
often penetrates into the silage mass during storage
and during feed out air can penetrate more than 1 m
into the feeding face.  In general, silages that have
high numbers of yeasts (>100,000 to 1,000,000 yeast
per gram of wet silage) have poor aerobic stability;
those with low levels of yeasts (less than 1,000 to
10,000 yeast) often remain stable for prolonged
periods of time. Because air fuels the growth of
yeast,  minimizing  their  numbers  and  minimizing
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 exposure to air in silage is an important goal in 
silage making.  Spoiled or spoiling silage is 
undesirable as it represents a loss of DM and energy, 
and it can reduce intake and animal production.  For 
example, Windle and Kung (2013) fed a fresh and 
spoiling TMR containing corn silage to heifers. The 
temperature of the spoiling TMR ranged from 34 to 
50C at feeding.  The fresh TMR contained about 
110,000 yeasts per gm whereas the spoiling TMR 
contained about 66,000,000 yeasts per gm.  Heifers 
fed the spoiling TMR ate about 12% less DM. Poor 
aerobic stability is often worse in crops with a high 
DM content.  Poor aerobic stability is also more 
common in high moisture corn, corn silage, and 
cereal silages than in alfalfa silage.   
Improving Silage Fermentation with Additives 
 Lactic acid bacteria to improve the initial 
fermentation process.  Because forage often naturally 
contains many detrimental types of bacteria, the 
concept of adding a microbial inoculant to silage was 
to add fast growing homofermentative LAB (hoLAB) 
to the forage mass so that they would dominate the 
fermentation and suppress the growth of 
undesirable microbes thereby resulting in high DM 
and energy recovery.  Some of the more common 
homolactic acid bacteria used in silage inoculants 
include Pediococcus acidilactici, P. pentacaceus, and 
Enterococcus faecium (Kung et al., 2003). Lactobacillus 
plantarum is also commonly used as a silage 
inoculant.  It is technically classified as a facultative 
Figure 2.  Effect of delayed filling on (A) water soluble carbohydrate (WSC) and (B) DM (DM) loss in corn 
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Table 1.  Predominant fermentation pathways. 




Homolactic (glucose) lactic acid 100 99 
Heterolactic (glucose) lactic acid, ethanol, CO2 76 98 
Heterolactic (fructose) lactic acid, acetate, mannitol, CO2 95 99 
Yeast (glucose) ethanol, CO2 51 99 
Enterobacteria (glucose)  acetic acid, ethanol, NH3, CO2 95 83 
Clostridia (glucose and lactate) butyric acid, NH3, CO2 49 82 
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heterofermentative LAB species rather than obligate 
homofermentative species but it is still practically 
grouped with hoLAB.  Microbial inoculants contain 
one or more of these bacteria; the rationale for 
multiple organisms comes from potential synergistic 
actions.  For example, growth rate is faster in 
Enterococcus > Pediococcus > Lactobacillus.  Some 
Pediococcus strains are more tolerant of high DM 
conditions than are Lactobacilli and have a wider 
range of optimal temperature and pH for growth 
(they grow better in cool conditions found in late 
Fall and early Spring).   
Alfalfa, grass, and small cereal grain crops 
have responded well to microbial inoculation with 
hoLAB.  This is especially so because a rapid drop in 
pH inhibits the growth of undesirable microbes. 
However, hoLAB microbial inoculation of corn 
silage has resulted in less consistent results. When 
compared to untreated silages, silages treated with 
adequate numbers of a viable hoLAB should be 
lower in pH, acetic acid, butyric acid and ammonia-
N but higher in lactic acid content. When effective, 
microbial inoculation with hoLAB might be 
expected to improve DM recovery by 3-5% and 
prevent clostridial fermentations. 
One drawback of using only hoLAB is that they 
only improve the aerobic stability of silages 33% of 
the time. In fact, inoculation with hoLAB has, in 
many instances, made aerobic stability worse 
(Muck and Kung, 1997).  This is probably due to a 
lower content of acetic acid and other potential 
antifungal end products.  This finding is extremely 
ironic because, many producers buy microbial 
inoculants because they perceive an improvement in 
aerobic stability.  It is now commonly accepted that 
there needs to be a compromise in silage 
fermentation end products such that recovery of 
nutrients is maximized and results in silages that are 
also stable when exposed to air.   
Use of Lactobacillus buchneri to improve aerobic 
stability. Muck (1996) suggested that Lactobacillus 
buchneri, a heterofermentative LAB, could improve 
the aerobic stability of silages. This organism anaero-
bically converts moderate amounts of lactic acid to 
acetic acid (Oude-Elferink et al., 2001), which has 
good antifungal characteristics and decreases the 
numbers of yeasts in silage.  There have been 
numerous studies on a wide variety of crops (e.g. 
corn silage, high moisture corn, sorghum silage, 
barley silage, grass silages, etc.) to support this claim 
(Kleinschmit and Kung, 2006; Reich and Kung, 
2010).  Combination inoculants containing hoLAB 
and L. buchneri are available, with the purpose of 
improving the initial fermentation and providing 
good aerobic stability. The largest body of indepen-
dently published studies documents the success of 
the specific strain of L. buchneri 40788 to improve 
stability. 
Organic acids to improve aerobic stability. 
Various organic acids including potassium sorbate, 
sodium benzoate, and propionic that inhibit yeasts 
have been used to enhance the aerobic stability of 
silages.  It is the undissociated form of these acids that 
have strong antifungal properties and is dependent 
on pH.  If added to a fresh crop with a pH of 6, only 
about 1% of these acids would be in the undisso-
ciated form. Whereas, at a pH of 3.5, about +90% of 
the acids would be undissociated.  Thus, it is clear 
that these acids should be used in forages with low 
pH to be most effective. The undissociated acids 
function by staying active on the surface of 
undesirable microorganisms and competing with 
amino acids for space on active sites of enzymes and 
by altering the cell permeability of these microbes. 
Recently an additive with potassium sorbate, 
sodium benzoate and sodium nitrite has proven 
effective in improving aerobic stability in a variety of 
crops (Knicky and Sporndly, 2015; Silva et al., 2015). 
Compared to use of a microbial inoculant containing 
L. buchneri, the addition of these acids is usually
more expensive and cannot be applied via low
volume applicators.  However, in their favor, their
activity does not require a microorganism to
dominate the fermentation process and produce an
active end product.
General management of additives. Most 
microbial inoculants are available in powder or 
granular form.  Inoculants applied in the dry form are 
often mixed with calcium carbonate (limestone), dried 
skim milk, sucrose or other carriers.  These products 
can be applied by hand or by solid metering devices 
as per manufacturer's recommendations.  Inoculants 
to be applied in the liquid form come as dried 
powders and are mixed with water just prior to use. 
(Use of chlorinated water may be detrimental to the 
inoculant if levels exceed more than 1.5 to 2 PPM.)  
Application can be with a simple watering container 
by weighing the incoming forage load and adjusting 
application based on the average unloading time.  A 
better method is to use a metered liquid sprayer to 
evenly disperse the inoculant on the forage.  Unused 
liquids should be discarded after a period of 24 to 48 h 
because bacterial numbers begin to decline and 
growth of undesirable microbes can occur.  The 
temperature of liquid inoculants in a tank should not 
be allowed to exceed more than about 35C because 
high temperatures causes the death of the inoculants 
(Mulrooney and Kung, 2008). 
Microbial inoculants and chemical additives can 
be applied to the forage at a variety of locations. 
However, application to forage at the chopper is 
highly recommended in order to maximize the time 
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that microorganisms have in contact with fermentable 
substrates.  Application at the chopper is more 
important if silage is being stored in a bunk or pile 
because it is difficult to achieve good distribution onto 
silage from a forage wagon.  Distribution of additives 
is less of a problem if it is applied at the blower of an 
upright silo or at the bagger.  Throwing a can of dry 
inoculant onto a load of forage and hoping for even 
distribution is not an acceptable practice!  Inoculants 
can be applied in a liquid or solid form.  Data from 
Whiter and Kung (2001) suggests that on higher DM 
silages (greater than about 45% DM), using a liquid 
based inoculant is preferable because the low 
moisture in these silages limits fermentation. 
Inoculants applied in a liquid form may be more 
advantageous because the bacteria are added with 
their own moisture to help speed up fermentation.  
 Storage is an important aspect of a high-
quality inoculant that contains live micro-
organisms.  Some inoculants require refrigeration 
or freezing for optimum storage.  Those that do not 
require cold temperatures for storage should still 
be kept in cool, dry areas away from direct 
sunlight.  Moisture, oxygen and sunlight can 
decrease the stability of inoculants resulting in 
lower viable counts and a product that does not 
meet label guarantees.  Opened bags of inoculants 
should be used as soon as possible and, if not 
completely used, probably not carried over into the 
next season. 
Conclusions 
Silage fermentation is often an uncontrolled 
process but the goal is to maximize the recovery of 
DM and nutrients and to produce a crop that 
remains stable during storage and feed out. Poor 
fermentations and aerobic stability will result in a 
loss of nutrients, animal productivity and farm 
profits. Quick and low drops in pH and minimizing 
the number of lactate utilizing yeasts aid in this 
process of a good fermentation. Recommended 
management practices for harvesting, filling of silos, 
the use of appropriate additives, and silo coverings 
should be followed.  
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